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Abstract— Routing techniques used in wavelength routed optical 
networks (WRN) do not give an efficient solution with Waveband 
routed optical networks (WBN) as the objective of routing in WRN is 
to reduce the blocking probability and that in WBN is to reduce the 
number of switching ports.  Routing in WBN can be divided two 
parts, finding the route and grouping the wavelength assigned into 
that route with some existing wavelengths/wavebands. In this paper, 
we propose a heuristic for waveband routing, which uses a new 
grouping strategy called discontinuous waveband grouping to group 
the wavelengths into a waveband. The main objective of our 
algorithm is to decrease the total number of ports required and reduce 
the blocking probability of the network. The performance of the 
heuristic is analyzed using simulation on a WBN with non-uniform 
wavebands. 
 
Index Terms—Optical fiber switches, optical interconnection, 
routing, waveband switching.  
I. INTRODUCTION 
Wavelength-division multiplexing (WDM) divides the optical 
transmission spectrum into non-overlapping wavelengths 
(frequencies). Each wavelength is used as a communication 
channel and can be operated asynchronously at different 
speeds. The channels are then optically multiplexed such that 
multiple channels travel down the fiber simultaneously and 
with negligible interference. 
As the traffic demand increases, the complexity of 
switching is also increasing. Switching is thus becoming a 
cost-performance bottleneck. The cost and scalability concerns 
of switching nodes prompted the creation of multiple 
switching granularities, such as wavelengths and wavebands 
[1,2]. A waveband consists of several wavelengths and needs 
only two ports of an optical switch in a node. A waveband can 
be switched optically as a single unit, thus reducing the 
number of optical-electrical-optical ports that are required for 
processing individual wavelengths. 
Routing in waveband routed optical networks (WBN) is 
different from the routing in wavelength routed optical 
networks (WRN). Each of them has different objectives so 
WRN’s routing techniques cannot be applied effectively to 
WBN. More specifically, in networks with ordinary optical 
crossconnects (OXC), the routing and wavelength assignment 
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(RWA) problem is to find the best route and assign a 
wavelength to it. So the objective of RWA is to minimize the 
blocking probability or maximize the number of connections 
established. This problem is proved to be NP-complete. 
However, the main objective of routing in WBN is to 
minimize the number of switching ports and thus reduce the 
cost of switching devices. 
Routing in WBN can be divided two parts, finding the route 
and grouping the wavelength assigned to that route with some 
existing wavebands. The previous work [1-3] studied various 
grouping techniques but used the traditional shortest path 
algorithm to find the best route. Shortest path routing in WBN 
does not always give an efficient solution to the problem. 
Different grouping strategies may improve the performance 
but may not give the best solution.  
In this paper we propose a new routing algorithm for WBN 
and a new waveband grouping strategy whose objective is to 
minimize the number of switching ports and minimize the 
blocking probability. It also considers RWA as an important 
part of routing. The rest of the paper is organized as follows. 
In Section II we discuss the existing routing and grouping 
techniques proposed in earlier studies. In Section III, we 
present a new algorithm and in Section VI we discuss how the 
performance of the new algorithm is measured using 
simulation. In Section V we discuss some of the advantages 
and disadvantages of the new algorithm. Section IV proposes 
future extensions that can be made to improve the algorithm.  
II. NODE ARCHITECTURE AND GROUPING 
STRATEGY IN WAVEBAND SWITCHING 
To reduce the complexity of switching devices multi-
granularity is proposed in [4-5].  The main idea behind multi-
granularity in optical networks is that the number of nodes in 
the core network is limited, and if many wavelengths are 
required to carry all the traffic, some of them will start from 
the same source node and go to the same destination nodes, 
and even more wavelengths will follow the same sub-paths 
inside the network. Thus it is useless to switch them separately 
through some optical nodes; they can be switched in groups 
called wavebands. 
The traditional OXCs are only capable of switching 
wavelengths and so in order to switch waveband as a single 
unit the OXCs should be modified. Several different 
architectures for the new OXC or multi-granularity OXC 
(MOXC) have been proposed in [4,7]. Previous studies [1-3, 
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5-6] have improved the MGOXC architecture based on their 
algorithms and requirements.  
Accordingly, several grouping strategies are proposed in [1] 
to aggregate the wavelengths into wavebands. To group 
wavelengths the following grouping strategies are used in [1]. 
1. End-to-End grouping: If there are m wavelengths or 
more for the traffic from the same source node to the 
same destination node, one can group m wavelengths 
into one band to route this band instead of the m 
separate wavelengths through the network.  
2. Intermediate grouping shown in Fig.1:  
a. Same source different destinations: We can also 
group the wavelengths starting from the same 
source but which are going to different 
destinations but share a common sub-path.   
b. Different sources same destination: Similar to the 
above grouping, we can also group the 
wavelengths that have different sources but are 
going to the same destination and have a common 
sub-path. 
Fig. 1. Intermediate Waveband Grouping 
 
For networks with few nodes, intermediate grouping can 
bring a reduction of parts by a factor 2 than end-to-end 
grouping. For networks with more nodes, end-to-end grouping 
proves to be even less efficient than intermediate grouping [1]. 
A study [2] simulated intermediate grouping with the different 
source and different destination scheme and proved that it 
performs better than the other schemes. 
All the papers till now assumed that the number of 
wavelengths required to form a waveband is constant 
throughout the network but [5] proposed non-uniform 
wavebands (wavebands containing different number of 
wavelengths). Their simulations showed significant cost 
reduction in the case of both ring and mesh networks by using 
non-uniform wavebands rather than uniform wavebands.  
We believe that traditional RWA algorithms cannot be 
directly applied to waveband routing. In our paper we propose 
a wavelength grouping strategy and a waveband routing 
heuristic for non-uniform waveband routed optical networks. 
A set of wavelengths form a waveband and this number is 
assumed to be constant for the entire network in most of the 
studies. Having non-uniform wavebands will improve the 
performance of waveband switching according to [5]. In our 
study we assume non-uniform wavebands.  
Based on the intermediate waveband switching, we propose 
another grouping strategy to efficiently group the wavelengths 
into wavebands, called discontinuous waveband grouping 
(DCBG).  
Fig. 2. Discontinuous Waveband Grouping (DCBG) 
 
DCBG is an extension of Intermediate grouping with 
different source and different destination. A wavelength can 
be a part of multiple wavebands in its route. It does not stop 
grouping until the destination is reached. The detailed 
explanation of DCBG is given in the next section. In DCBG a 
wavelength path can be a part of multiple wavebands in its 
entire route. As shown in Fig. 2, there is a wavelength (w1) 
that is going from node A to node E and there are two other 
wavelengths (w2, w3) that are going from node A to node C 
and from node C to node E. So DCBG forms a waveband with 
w1 and w2 in the route AÆBÆC and forms another 
waveband with w1 and w3 in the route CÆDÆE. This way 
the wavelength path w1 is a part of two wavebands in its 
route. DCBG tries to make a wavelength path as a part of 
either an existing waveband or by forming a new waveband 
there by minimizing the switching of the single wavelength 
paths. 
DCBG does not cause any overhead for routing because it 
selects the wavebands that starts and terminates in the route. 
Wavebands need not be dropped just to merge other 
wavelengths. To be more precise while trying to find the best 
waveband sequence for a route we check whether the current 
waveband spans either the entire route or the subpath of the 
route. If the waveband spans the entire route then it is same 
source same destination waveband, if it does not then it should 
be a subpath which means that the waveband starts and 
terminates in the route and need not be dropped to merge the 
wavelengths of the current route into that waveband. 
III. DISCONTINUOUS WAVEBAND GROUPING 
ALGORITHM 
With non-uniform wavebands and discontinuous waveband 
grouping strategy we propose a heuristic algorithm for 
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waveband routed optical networks. This is different from all 
the previous work in the following aspects: 
1. We propose a new grouping strategy, discontinuous 
waveband grouping, which is proved to achieve more 
savings in terms of port count than any other 
grouping strategy.  
2. All previous works except [5] assumed that the 
number of wavelengths in a waveband is constant 
throughout the network. [5] proposed non-uniform 
wavebands but it did not analyze the various 
grouping strategies. We have applied non-uniform 
wavebands to the discontinuous waveband grouping 
strategy. 
3. Another important assumption is the number of 
shortest paths considered while trying to group the 
wavelengths. [1] considered k-paths while others 
considered only the shortest path. We have taken k-
paths to find the best waveband route for a given 
request. 
Using the Yen’s algorithm and DCBG we propose a new 
heuristic for waveband switching. The heuristic objective is to 
minimize wbdiff, where wbdiff is the difference between the 
length of the route and the length of the waveband path with 
which the current request in that route can be merged. A route 
with minimum(wbdiff) is selected so as to maximize the 
waveband formation and minimize the wavelength switching. 
This will ensure that we use less number of wavelength 
switching ports, which in turn reduces the overall switching 
ports used for the same traffic. 
The heuristic starts with finding k shortest paths between all 
pairs of nodes in the network. Traffic is given as a matrix and 
is satisfied in two ways: Heavy traffic first, Light traffic first. 
The results for both strategies are compared in the next 
section. 
For each traffic request the heuristic will find the k shortest 
paths through which the traffic can be routed and will find the 
existing wavebands in those paths. It computes wbdiff for each 
shortest path with the current status of the wavebands in those 
routes. A path with minimum wbdiff is selected to be a best 
route for the current traffic request. If a path’s wbdiff is zero it 
means that there is a waveband that spans the entire path and 
has room for the current traffic request. The current traffic 
request is merged with the best waveband sequence. 
The heuristic also tries to form a waveband if the traffic 
requested is greater than the minimum number of wavelengths 
that can be merged into a waveband. If the network does not 
have sufficient wavelengths in one path then the traffic is 
divided between k shortest paths.  
Partial traffic can also be satisfied depending on the current 
network resources so this heuristic also reduces the blocking 
probability as it tries to satisfy as much traffic as possible. 
The detailed description of the heuristic is presented below: 
Step 1. For a given traffic request from source (src) to 
destination (dst) we compute the k-shortest paths. 
Step 2. For all k-shortest paths check to see if there are 
any wavebands that span the entire route and has 
room for the current traffic request. If such a 
waveband exists then merge the current traffic 
request into that waveband. 
Step 3. If there is no such waveband then for each 
shortest path find the best waveband sequence, using 
DCBG algorithm, with which the current wavelength 
path can be merged. Then compute the length of that 
waveband sequence. 
Step 4. Find the difference (wbdiff) between the length 
of the wavelength path and the length of the 
waveband sequence for each shortest path. 
Step 5. Select the shortest path with minimum wbdiff. 
This will make sure that we don not use more 
network resources even though we don not select the 
shortest route. 
Step 6. The route with Minimum (wbdiff) is selected and 
the current traffic request takes the corresponding 
route. 
Step 7. If there are no wavebands with which the current 
traffic request can be merged then check if the traffic 
requested is greater than the minimum number of 
wavelengths that can form a waveband. 
Step 8. If the traffic requested is sufficient to form a 
waveband then find the shortest path which has room 
for the requested traffic and form a new waveband in 
that path. 
Step 9. If the traffic requested is not sufficient to form a 
new waveband then find the best route using 
traditional wavelength routing algorithms and switch 
the traffic as a wavelength. 
Step 10. After all traffic requests are satisfied compute the 
total number of ports used. 
Step 11. If all the k-paths don not have enough number of 
wavelengths to satisfy the current traffic request then 
satisfy the maximum amount of traffic. 
Step 12. Keep track of wavebands and wavelengths as 
you route the new traffic. 
Step 13. Count the number of waveband ports used and 
the number of wavelength ports used after all the 
traffic requests are satisfied. 
Step 14. The traffic that cannot be satisfied is considered 
to be blocked. It can be an entire traffic request or 
partial traffic.  
Step 15. Number of blocked calls / Total number of calls 
give the blocking probability . 
Step 16. The blocking probability for this heuristic is 
shown in the next section. 
The total number of ports used using waveband switching 
and regular wavelength switching is compared in the results 
section. Different traffic acceptance patterns, heavy traffic 
demand first and light traffic demand first, are compared 
against pure wavelength switching and the results are 
presented in the next section. 
IV. EXPERIMENTAL RESULTS 
We conduct the simulation on the 23-nodes EON network 
and we assume the network to be homogeneous i.e., all nodes 
in the network have the capability of switching wavebands. 
Traffic is static and is dynamically generated. The traffic 
matrix is given as input to the simulation. Traffic request need 
not necessarily be a multiple of the waveband granularity. 
Traffic granularity is in wavelengths. The waveband size 
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varies across the network between a minimum value and a 
maximum value. Input parameters determine the minimum 
number of wavelengths per waveband and maximum number 
of wavelengths per waveband.  
Our proposed strategy called discontinuous grouping is 
used to group wavelengths into a waveband. K-shortest paths 
are considered to find the best route. One of the k-shortest 
paths is selected based on the availability of wavebands in that 
path. Selecting the path with minimum (wbdiff) will make 
sure that we don not consume more network resources even 
though we do not select the shortest route (more detailed 
explanation is given in the previous section). The traffic is 
satisfied in two orders: Heavy traffic demand first, Light 
traffic demand first. Results for both orders in shown in this 
section. Partial traffic request can also be satisfied. If the 
number of wavelengths requested is not available in all the k-
paths then the maximum number available is satisfied. If the 
traffic is not satisfied then it is considered to be blocked. The 
output of the simulation is: Number of ports saved, Number of 
waveband ports used, Number of wavelength ports used, and 
number of calls blocked. 
Fig. 3 and Fig. 4 show the results, where the number of 
wavelengths per fiber = 8; minimum number of wavelengths 
that can form a waveband = 2; maximum number of 
wavelengths in a waveband = 8; traffic acceptance pattern: 
Maximum Traffic First. The figures show a huge difference in 
the number of ports used and almost no change in the number 
of blocked calls. 
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Fig. 3.  Number of ports used in DCBG under the maximum traffic first policy 
when the number of wavelengths is 8, the maximum waveband granularity 
gmax is 8, and the minimum waveband granularity gmin is 2. 
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Fig. 4. Number of calls blocked in DCBG under the maximum traffic first 
policy when the number of wavelengths is 8, the maximum waveband 
granularity gmax is 8, and the minimum waveband granularity gmin is 2. 
Fig. 4 and Fig. 5 show the number of ports used and the 
number of calls blocked for the following parameters: number 
of wavelengths per fiber = 8; minimum number of 
wavelengths that can form a waveband = 2; maximum number 
of wavelengths in a waveband = 8; traffic acceptance pattern: 
Minimum Traffic First. Both figures show a huge difference in 
the number of ports used and almost no change in the number 
of blocked calls.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Number of ports used in DCBG under the maximum traffic first policy 
when the number of wavelengths is 8, the maximum waveband granularity 
gmax is 8, and the minimum waveband granularity gmin is 2. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Number of calls blocked in DCBG under the minimum traffic first 
policy when the number of wavelengths is 8, the maximum waveband 
granularity gmax is 8, and the minimum waveband granularity gmin is 2. 
 
We observed an interesting behavior with Maximum Traffic 
First pattern and Minimum Traffic First pattern shown in Fig. 
7. When Maximum Traffic First pattern is used the total 
number of ports used is less than the total number of ports 
used with Minimum Traffic first pattern. The following graph 
(Fig. 7) shows the difference. 
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Fig. 7.  Comparison of the number of ports used and calls blocked in DCBG 
under the maximum traffic first policy and the minimum traffic first policy. 
 
Fig. 8 and Fig. 9 show the number of ports used and the 
number of calls blocked for the following parameters: Number 
of wavelengths per fiber = 16; Minimum number of 
wavelengths that can form a waveband = 2; Maximum number 
of wavelengths in a waveband = 8; Traffic acceptance pattern: 
Maximum Traffic First.  Both figures show a huge difference 
in the number of ports used and almost no change in the 
number of blocked calls. 
Fig. 10 and Fig. 11 show the number of ports used and the 
number of calls blocked for the following parameters: Number 
of wavelengths per fiber = 16; Minimum number of 
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wavelengths that can form a waveband = 2; Maximum number 
of wavelengths in a waveband = 8; Traffic acceptance pattern: 
Minimum Traffic First. The graphs show a huge difference in 
the number of ports used and almost no change in the number 
of blocked calls. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8.  Number of ports used in DCBG under the maximum traffic first policy 
when the number of wavelengths is 16, the maximum waveband granularity 
gmax is 8, and the minimum waveband granularity gmin is 2. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9. Number of calls blocked in DCBG under the maximum traffic first 
policy when the number of wavelengths is 16, the maximum waveband 
granularity gmax is 8, and the minimum waveband granularity gmin is 2. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10. Number of ports used in DCBG under the minimum traffic first policy 
when the number of wavelengths is 16, the maximum waveband granularity 
gmax is 8, and the minimum waveband granularity gmin is 2. 
 
 
 
 
 
 
 
 
 
 
Fig. 11. Number of calls blocked in DCBG under the minimum traffic first 
policy when the number of wavelengths is 16, the maximum waveband 
granularity gmax is 8, and the minimum waveband granularity gmin is 2. 
V. CONCLUSION AND FUTURE WORK 
In this paper we proposed a new wavelength grouping 
strategy and proposed a heuristic for waveband routing. The 
port savings using our heuristic is shown in our results. Our 
heuristic is the first one to consider K-shortest paths, non-
uniform wavebands and discontinuous grouping strategy for 
routing wavebands. 
Future extensions of this work will be to implement this 
algorithm for heterogeneous networks where only some nodes 
in the network have the capability of switching wavebands. 
This algorithm can also be adapted to a dynamic traffic 
scenario where calls stay in the network for a certain period.  
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